Introduction {#SEC1}
============

The practice of orthopaedics has been associated with many occupational hazards, such as radiation exposure, chemicals, surgical smoke, noise and physical injury^[@ref1]^. Of these occupational risks, orthopaedic surgeons are considerably predisposed to musculoskeletal injury^[@ref2]^, and the ergonomics of surgical practice contributes significantly to this. In the operating room, the work postures adopted by surgeons introduce significant ergonomic stress load, predisposing them to injury^[@ref3],\ [@ref4]^. Other factors such as prolonged standing, repetitive actions^[@ref5]^ and the use of surgical instruments^[@ref6]^ are also known ergonomic causes of injury. As compared to general surgeons, orthopaedic surgeons were found to have a higher prevalence of musculoskeletal injuries^[@ref7]^. Studies done in specific groups of orthopaedic subspecialties^[@ref8]-[@ref11]^ and even orthopaedic residents^[@ref12]^ also reported high levels of musculoskeletal symptoms.

As of yet, no study has been carried out on orthopaedic surgeons in the Asian population. Ethnic differences in body structure may account for differences in the prevalence and severity of musculoskeletal symptoms^[@ref13]^. Hence the aim of our study is to determine the prevalence and characteristics of these musculoskeletal injuries in our orthopaedic surgeons and residents, and to assess their level of impact on surgeon function, in comparison to the previous studies done in non-Asian populations.

Materials and Methods {#SEC2}
=====================

Our study population consisted of all 80 orthopaedic residents and consultants within two tertiary hospitals in Singapore. All respondents received an email invitation to complete an anonymous online survey, and received periodic email reminders to request for their participation.

The Nordic Musculoskeletal Questionnaire^[@ref14]^ was used to assess the symptomatology of each subject. The questionnaire consists of a set of questions assessing for musculoskeletal complaints in nine anatomical areas of the body, and has been widely used and validated in multiple studies^[@ref15]^. Separate questions were included about symptom description, symptom severity, symptom treatment and the respondent's subjective judgment if the symptom was directly attributed to work. Respondents were also asked if they felt their positive symptoms have threatened their career or chosen subspecialty, or if they have prevented them from working optimally. Respondent age, gender, height and weight, weekly operating hours, as well as practice factors (hand dominance, operating position, use of eyewear) were surveyed as well.

The study was approved by the Institutional Review Board before the commencement of the survey. The survey was administered via an email link to an online survey website. Data was collected over an eight-week period. Statistical analysis was performed using STATA version 11.0 software \[Stata Corporation, College Station, TX\].

Results {#SEC3}
=======

Fifty-six (70.0%) of the pool of 80 orthopaedic surgeons and residents completed the survey. Thirty-four (60.7%) of the respondents were residents, 20 (35.7%) were consultants and 2 (3.6%) did not declare their training status. Of the 20 consultants, all subspecialties were represented with the exception of paediatric orthopaedics and musculoskeletal oncology. The median age of the respondents was 33 years. Thirty-six (64.3%) of the respondents were aged between 28-35, with 14 (25.0%) aged between 35-50 and 6 (10.7%) between 50-70. Fifty-one (91.1%) of the respondents were male.

The median weekly operating hours were 16.0 hours a week. Fifty-four (96.4%) of the respondents were right-handed, and 12 (21.4%) of the respondents used either lead glasses or magnification while operating. Forty-eight (85.7%) of them operated in a standing position.

Forty-nine (87.5%) of all the respondents were symptomatic, of which 38 (67.9%) had 2 or more anatomical areas affected ([Fig. 1](#F1){ref-type="fig"}). Amongst the 9 anatomical areas assessed for symptoms, neck symptoms were the most prevalent, with 37 (66.1%) of respondents complaining of neck pain. This was followed by hands/wrist symptoms (42.9%) and shoulder symptoms (39.3%) ([Fig. 2](#F2){ref-type="fig"}).
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When looking at the treatment sought for each symptom, wrist and hand symptoms received the most treatments, followed by neck, lower back, shoulders ([Fig. 2](#F2){ref-type="fig"}). For all the treated symptoms, physiotherapy was the most prevalent treatment used (57.1%).

When comparing the severity of these symptoms, lower back symptoms had the highest median severity of 4.5 out of a score of 10. This was followed by upper back symptoms with a median severity score of 4.0.

We noted that that 74.1% of all symptoms were reported as directly attributable to work, and of these symptoms, 33.3% of the respondents felt that their symptoms prevented optimal function, and 39.2% of the respondents felt that their symptoms will have lasting effects on their career.

Age was found to be associated with an increase in the total number of anatomical areas affected (p = 0.016), but otherwise was not correlated with the severity of symptoms. There were no significant associations found between gender, height, weight and BMI with the number and severity of symptoms.

Years of practice, subspecialty, training status, and operating hours per week were also not found to be significant factors in influencing symptoms. Of note, a seated operating position was associated with an increased severity of lower back pain (p = 0.040).

Discussion {#SEC4}
==========

This study has shown that there is a high prevalence of musculoskeletal symptoms in our population of orthopaedic surgeons, with predominantly neck and upper limb symptoms.

Age has been shown to be associated with an increase in the number of anatomical areas affected, which is likely contributed by age-related physical changes which increases the predisposition to injury^[@ref16]^.

In comparison to the previous studies, our population has a significantly higher prevalence of musculoskeletal symptoms (87.5%). Davis *et al* reported that 44.0% of their subjects sustained one or more musculoskeletal injuries in their American population of surgeons and Alqahtani *et al* found that 66.0% of arthroplasty surgeons and 67.0% of trauma surgeons in their population of Canadian and Saudi surgeons had musculoskeletal injuries^[@ref2],\ [@ref9]^.

Neck pain was noted to be the most reported symptom in our study, followed by wrist and shoulder symptoms. This is similar to the findings by Davis *et al* who noted neck pain (59.4%) as the most frequent symptom, followed by lower back pain (54.8%) and shoulder pain (34.4%)^[@ref2]^. However, Alqahtani *et al* noted lower back pain (27.9%) as the most frequent symptom, followed by elbow and shoulder pain (14.2%)^[@ref9]^.

The cause of the higher prevalence of symptoms as well as the difference in the distribution of symptoms in our population of orthopaedic surgeons as compared to the other studies are likely to be multifactorial, but it might be suggested that the ethnic differences in body structure in our population as compared to the non-Asian population increases the overall risk for musculoskeletal injury as well as the risk for specific injuries of the neck and hands/wrist. The study also noted that a seated posture is associated with worse back pain. Targeted ergonomic interventions with due considerations to seating posture and duration, viewing angles of the surgical field, and hand/grip positioning of tools may be effective in our population of orthopaedic surgeons.

Although the increased prevalence of symptoms in our population of surgeons may be alarming, a large proportion of our surgeons (66.7%) are still able to cope and function with their symptoms. This is comparable to the previous studies where Davis *et al* reported that 63.9% of their respondents felt that their symptoms had no impact on operating room performance, and Alqahtani *et al* reported that 73.3% of their respondents did not require time off work due to their symptoms^[@ref2],\ [@ref9]^. The tolerance of symptoms could be attributed to the median severity of symptoms being at a manageable level (the highest median severity symptom score was 4.5/10 for lower back pain).

Given the significant prevalence of musculoskeletal symptoms in our population of orthopaedic surgeons compared to other populations, there should be a stronger impetus to deliberately implement measures to improve ergonomics inside the operating room^[@ref12]^. There are current recommendations to utilise ergonomic body support, and to increase the usage of power tools over manual tools^[@ref1],\ [@ref17]^. The design of surgical instruments can also be improved to increase the degrees of freedom, which contributes to better dexterity^[@ref18]^.

Ergonomic education programmes have also been proposed to be incorporated into residency programs as well^[@ref12]^. Preventive measures can also be implemented outside of the operating environment, like advocating a lifestyle of regular exercise, which has been shown to confer a protective effect from work-related injuries^[@ref19],\ [@ref20]^.

Our study has several limitations. The use of a self-reported measure introduces bias into the results, as the respondents may choose to under-report or over-report symptoms. Also, it has been noted that prior musculoskeletal symptoms are poorly remembered after some years, and that recall of past symptoms are strongly influenced by current symptoms^[@ref21]^. The response rate of our study was also less than 80%, with a relatively small sample size that is skewed towards the younger age categories, which may not fully represent our local and regional population of surgeons. Certain confounders were also not factored into our study, such as non-surgical work (clinics, administrative work) which may also contribute towards musculoskeletal symptoms. There is a role for further research in our local population of surgeons to better understand this phenomenon well as to improve ergonomic factors to reduce the risk of these injuries.

Conclusion {#SEC5}
==========

This study shows that there is a high prevalence of musculoskeletal occupational injuries sustained in our population of orthopaedic surgeons as compared to the Western studies. A large proportion of our surgeons are still able to cope and function despite the higher prevalence of symptoms. Ethnic differences in build and body structure between Asians and non-Asians may account for differences in the distribution and severity of symptoms. Targeted ergonomic interventions may be considered to prevent specific musculoskeletal injuries in our population of orthopaedic surgeons.
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